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THE MOTION OF THE STARS* 
By J. S. PLASKETT 
GENERAL 


B is distinguish them from the planets, the remaining shining 
orbs of heaven are commonly called the ‘fixed stars’’ and 
yet if they are really “fixed” it would not be possible to speak of 
the motions of the stars as I propose to do tonight. The contradic- 
tion, however, is only apparent as their fixity is relative only to the 
rapidly moving planets and the term may have arisen from the fact 
that so far as naked eye observations go a change of position could 
scarcely be detected in a thousand years. The designation was 
hence natural enough before the days of accurate measurement 
made their motions indisputable. 

Like everything else in nature, there is no fixity of position in 
the stars, they are all in motion at greater or less speeds and all 
going through very slow but nevertheless real changes in their 
physical constitution. While objection might be taken to the state- 
ment that everything in nature is in motion or in process of change, 
a little reflection will convince us that there is no object or thing 
which we can say definitely is stationary or at absolute rest. This 
table at which I am standing seems substantial and apparently not 
in motion but nevertheless it is situated on the surface of the earth 
and is being whirled around with it in this latitude at about 12 
miles a minute, is moving with it in its revolution around the Sun 


*A lecture delivered at the R.A.S.C., Victoria, February 21, 1928. 
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at 18 miles per second, is being carried with the Sun towards 
Hercules at 12 miles a second and in addition partakes of the 
unknown motion of the galactic system, possibly some hundreds of 
miles per second. So that the table with ourselves is travelling in a 
very complicated fashion at an amazing speed and can certainly 
not be considered at rest. We may, of course, say that the table is 
stationary with respect to the Earth, but even then we cannot 
deprive it of motion for it is composed of molecules which are built 
up of atoms, each of which consists of a nucleus with revolving 
electrons, so the table is an immense aggregate of motions. 

So that the stars, in possessing motion, are by no means unique 
in nature, which indeed is characterized throughout by motion and 
change. The stars were, until the Middle Ages, considered as fixed 
in a crystal sphere revolving around the Earth, but if we now know 
this is not the case, what are their motions and how are they detected 
and measured? If all the stars are moving and if, apparently, there 
is no regularity or systematic effect in their motions, the most 
natural assumption would be that they move at random like the 
molecules in a gas, like bees in a hive or like a swarm of mosquitoes 
about the head. It must not be forgotten, however, that while the 
stellar motions are somewhat similar, there is one great difference, 
there are no encounters or at any rate only extremely rarely among 
the stars, such as occur between the molecules or the bees and 
mosquitoes, on account of their great sparsity in space. 


RapIAL MOTIONS 


If the stars then are moving at random as viewed from the 
Earth, some will appear to be approaching, some receding, some 
moving transversely and in all combinations of these various direc- 
tions. The first question that arises then is, how do we detect, 
differentiate and measure these motions? Let us first consider the 


simpler problem of the motion towards or from us, motion in the 
line of sight. It is perhaps nowadays fairly generally known that 
we can detect and measure the motion of approach or recession of 
the stars, their radial velocity as it is called, by means of the 
spectroscope, by the displacement of the spectral lines of the star 
to red or violet of their normal positions. A displacement to the 
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red signifies the recession of the star and to the violet the approach, 
a displacement of a thousandth of an inch corresponding with the 
spectroscope in general use here, to a speed of about 50 km. (30 
miles) per second. By this means the radial velocities of nearly four 
thousand stars have been determined to an accuracy, in general, of 
less than a kilometre per second. The average radial velocity of the 
stars is of the order of 20 kms., (12 miles) per second, but there area 
number of stars with speeds greatly in excess of this —100, 200, 300 
up to 285 km., (250 miles) per second for the variable star RZ Lyrae. 
But the radial velocities of the spiral nebulae often exceed 1000, 
in one case reaching 1800 km. a second. 

As the stars are moving approximately at random and the 
radial motion is only one component of the motion, we must know 
the component in another direction, preferably at right angles to 
the line of sight, to completely define it. Evidently this direction 
perpendicular to radial motion, this cross or transverse motion of 
the stars, can only be determined from their change of position in 
the sky. 


POSITIONS OF THE STARS 


The measurement of the positions of the stars in the sky was the 
first problem of professional astronomy, deriving its primary 
importance from the necessities of navigation. It remained the 
fundamental problem of astronomy practically until the present 
century when it has been displaced by the study of the constitution 
and physical conditions of the stars. This measurement, as most of 
you know, is carried out by a transit instrument or, for refined work, 
a meridian circle, in either case consisting of a telescope mounted on 
an accurately levelled axis, perpendicular to the optical axis of the 
telescope and directed due east and west. It hence traces out the 
great circle in the sky containing the zenith and the north and south 
poles, in other words it can observe stars only when they pass the 
meridian. Roughly speaking, the position east and west, longitude 
as measured on the earth, the right ascension of the star, is deter- 
mined by accurately observing the time of transit, while the position 
north and south, latitude on the earth, or the declination of the 
star, is determined by accurately measuring the elevation of the 
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telescope above the horizon. Both these measures are beset by 
difficulties requiring the most meticulous care over all the conditions 
of observation and the most painstaking search for and removal of, 
or correction for, all possible sources of error. When all the correc- 
tions are finally made, we have not the motion of the star, but only 
its position on a certain date. To determine its transverse or cross 
motion, or what is generally known as its “proper motion’’ which 
is measured in seconds of arc per annum, we obviously need another 
similar observation of the same star, surrounded with similar pre- 
cautions. Owing to the excessive minuteness of the proper motions, 
averaging as they do for the naked eye stars about one tenth of a 
second of arc in a year, corresponding to a displacement in the sky 
of the diameter of the Moon in 18,000 years, it is evident that the 
longer the interval of time between the two observations the better, 
and it is little use considering any interval less than 20 years, while 
50 years is much preferable. Thus we may have two carefully 
corrected positions of the same star, 20, 50, 100 years apart and may 
hence expect now to determine the proper motion. But we find that 
the greater part of the apparent change of position is due to changes 
in the Earth’s motion producing precession, nutation and aberra- 
tion, all of which have to be carefully corrected for. There is some 
uncertainty in the constants of these terms which affect the derived 
proper motion and also in the coefficients of the refraction in our 
own atmosphere, the latter, as you know, making the star appear 
higher than it really is, and this difference must be accurately 
allowed for. 


PROPER MOTIONS 


It can hence be seen what a complex and difficult process is the 
determination of the proper motion of a star as compared with the 
measure of its radial velocity which, although it requires extreme 
care and accuracy, can be determined from one spectrum of the star 
obtained in an hour or so and about two hours of measurement and 
reduction. All honour then to the astronomers of the 18th and 19th 
centuries to whose early, careful measures of the positions of the 
stars from which they themselves could not hope to obtain any 


useful results, we owe our present list of reliably determined proper 
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motions of the stars. The best and most homogeneous list of proper 
motions extant is the “Preliminary General Catalogue’’ of Boss 
issued in 1910, containing the accurate positions and proper motions 
of 6188 stars brighter than 6.5 m. The proper motions of several 
thousand other stars have also been determined but they are not 
reduced to the same uniform.system as in Boss. Lewis Boss’ 
successors headed by his son, Benjamin Boss, are engaged in extend 
ing this work and in a few years we should know reliable proper 
motions of many more thousands of stars. 

As previously stated, the average proper motion of a naked eye 
star is about one tenth of a second per annum, a change in position 
equivalent to one thirty second of an inch viewed from a distance 
of a mile. There are many stars which move much faster than this 
but the great majority much slower. The fastest known is Bar- 
nard’s Runaway Star, a tenth magnitude star in Ophiuchus, which 
moves 10’’.3 per annum, a speed which would carry it across a space 
equal to the width of the Moon in less than 200 years, a motion 
easily observable with the naked eye in a lifetime if the star were 
bright enough to be seen. There are 37 stars known, the great 
majority of them faint, which move faster than two seconds per 
annum or a moon's width in 900 years. Only two of these are very 
bright stars, Arcturus and a Centauri. On the other hand, many of 
the bright stars and the great majority of the faint ones move very 
much more slowly, many of the naked eye O and B-type, the very 
hottest stars, having proper motions of less than one hundredth of 
a second of arc or the width of the Moon in 180,000 years. 


SPACE MOTIONS 


The knowledge of the radial velocities and the transverse 
velocities or proper motions of several thousand stars having been 
determined, we are now in a position to determine the total veloci- 
ties in magnitude and direction, or the space motions of the stars. 
As the two velocities are at right angles to each other, the total 
velocity will be the square root of the sum of the squares of the two 
velocities and its direction will be determined by the direction or 
position angle of the proper motion and the ratio of the two com- 
ponent velocities. Unfortunately, although the radial velocities are 
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given in kilometres per second, the transverse velocities are known 
only in seconds of are per year. This can be reduced to kilometres 
per second only when the parallax or distance of the star is known. 
Two examples of well known stars, Capella and Arcturus, will 
suffice to show the method. Capella has a radial velocity of +30 km. 
per second, a proper motion of 0’’.439 and a parallax of 0’’.069. As 
the parallax is the angle at the star subtended by the astronomical 
unit, the distance from the earth to Sun, and the proper motion is 
the angle at the Sun made by the star’s motion in a year and as both 


Capella 


Arcturus 


py } 


a 


Fic. 1 Space Velocities of Stars. 


these angles have a common side, the distance from star to Sun, 
the space covered in a year owing to proper motion is 
069 : 
39" 149,500,000 km. 
as can be seen from Fig. 1 which represents the composition of 
velocities in several cases. This distance divided by the number of 
seconds in a year gives the tangential velocity which comes out 30 
km. per second. This can be expressed more simply as 149,500,000 
km. per year equals 4.74 km. per second, by 


V=4.74 (u/x). 


The space velocity is hence V30?+30?=42.4 km. per second, 
and as the radial velocity is positive, or one of recession, the angle 
from the line of sight will evidently be 135° directed parallel to the 
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lines of the proper motion. Arcturus on the other hand has a proper 
motion of 2’.287 and a parallax of 0.080 and hence its tangential 
velocity is 

2.28 


080 x 4.74 a 135 km. per second, 


while its radial velocity is —5 km. Its space motion is hence 
V 135°+5?=135.1 km. per second directed very nearly at right 
angles or at an angle of 87° 50’ from the line of sight. As the know- 
ledge of parallaxes is not so complete or reliable as radial velocities 
or proper motions, our knowledge of space velocities is more 
limited and generally speaking most of the investigations of the 
motions of the stars are concerned with the proper motions or 
radial velocities alone or in combination and only infrequently with 
the space motions. 


SoLAR MOTION. 


The radial velocities of nearly 4,000 stars, the proper motions 
of 10,000 and the space motions of some 2,000 stars are known with 
fair precision but the motions of the brightest and nearest star in 
the sky, the Sun, have not yet been discussed here. The settled 
prepossession of astronomers from the most ancient times up to the 
Middle Ages in the absolutely stationary position of the Earth as 
the centre of the universe was not transferred from the Earth to the 
Sun when the latter, by the labours of Copernicus, Kepler and 
Newton, was shown to be the centre of the solar system. It began 
to be considered as a star with similar dimensions, physical condi- 
tion and motions as the other stars. But the problem of determining 
its motion through space from our position on a planet revolving 
around it did not seem an easy one as we can never get away from 
it, as from the other stars, to observe its motion directly. But if 
the Sun is moving among the stars in a given direction and if, as 
we have supposed, the motion of the stars is approximately at 
random, the stars in the direction of approach will appear, in 
general, to open out, those behind to close in and at the sides to 
move backward just as when one walks through a loosely scattered 
crowd in a park. The first attempt to determine the motion of the 
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Sun in this way was by Sir Wm. Herschel in 1783 from the proper 
motions of 13 stars and he was successful in showing that the Sun 
was moving towards a point in the constellation Hercules, a = 262° 
§ = 26° which is only ten degrees from the most modern determina- 
tions, a remarkable agreement considering the meagre data in his 
possession. As the number of known proper motions increased, 
simple mathematical methods were developed for treating these 
motions and closer and closer approximations to the point towards 
which the Sun is moving, called the solar apex, were made, the final 
being a determination by Wilson from 2748 corrected proper 
motions which gives the apex at a=270°.8, 6=27°.0. While it is 
possible to determine the solar velocity also from proper motions 
and parallaxes, this velocity is much simpler and more accurately 
determined from the radial velocities of the stars. Here also it is 
apparent if the radial velocities of stars in all regions of the sky are 
known, those in the neighbourhood of the solar apex will appear to 
be, in general, approaching those at the antiapex receding while for 
those at the sides the radial velocity will be little affected. Just as 
with the proper motions, all the data can be mathematically treated 
so as to get the best possible value of the apex and the solar velocity 
from the stellar velocities available. The determinations of the 
solar motion from the radial velocities we owe mainly to the fore- 
sight and energy of Campbell, who first so developed the spectro- 
graph in 1895 that reliable radial velocities could be obtained, 
marking a new era in the work, and then set out to obtain accurate 
radial velocities over the whole sky, establishing an observatory in 
the Southern hemisphere for this special purpose. A considerable 
portion of the energy and time of the Lick Observatory and its 
southern annex were devoted to obtaining accurate radial velocities 
of all stars brighter than 5.5 magnitude of which the spectra 
admitted reasonably accurate measurement. The results of this 
great undertaking have just been published, giving in all the veloci- 
ties of 2,600 stars of which 2149 were used to obtain the solar 
motion. The solar apex came out as a=270°.6, 6=29°.2, about 2 
degrees distant from that determined from the proper motions, 
while the solar velocity towards this point is 19.65, practically 
20 km. per second. 


The difference between the two positions is probably partly due 
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to errors in the proper motions in declination but mostly to the 
different stars employed, for, as will have been realized, the solar 
motion is not determined from a series of stationary points but 
from a number of moving stars. The theory of the method assumes 
that the stars are moving at random both in velocity and direction, 
and the solar motion is determined ‘as it were from the centre of 
gravity of the motions of the stars employed. It was early realized 
by Campbell and also by others that its position and magnitude 
depended on the stars used, the speed was greater and the declina- 
tion of the apex higher, for the blue and red stars, the extremely 
hot and extremely cool stars, than for the white and yellow stars of 
moderate temperature. This does not mean, of course, that the 
solar motion itself varies but simply that the motions of the differ- 
ent classes of stars are of such magnitude and so distributed as to 
give different motions for their centres of gravity, hence resulting 
in apparent differences in the solar motion. This indicates that the 
motions of the stars are not at random as was originally supposed 
but have certain systematic or preferential trends. 

We are now in a position, with fairly complete knowledge of the 
radial velocities and proper motions of over 3,000 stars and of the 
space motions of 2,000 including our Sun, to examine more closely 
into the general motions of these stars which we have hitherto 
supposed to be at random, to see if we can find other evidence than 
that secured from the determination of the solar motion, of the 
systematic or group motions. 


MOVING CLUSTERS 


It was early recognized that there was a similarity of motion 
among the members of certain groups or clusters of stars in the 
sky, the most familiar example perhaps being the Pleiades which 
were shown to be moving in the same direction. Another example 
of what we may term moving clusters is Praesepe, another the well- 
known clusters in Perseus, while there are others less well-known in 
Scorpio and Orion. The one about which we have the most certain 
information is the cluster in the constellation Taurus which was 
first found and investigated by Lewis Boss. It has been shown from 
the proper motions that about 80 stars in the neighbourhood of the 
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Hyades, covering an area of the sky about 20° square, are all moving 
apparently towards a point in the sky a little east of Betelgeuse, the 
bright red star in Orion, with, as confirmed by the radial velocities, 
nearly the same speed. When this convergent point and the proper 
motions are known, the distance of every star in the cluster can be 
accurately and very simply determined if the radial velocity of one 
or more stars of the cluster is known. This side result of proper 
motion work gives us probably the most reliable determinations of 
stellar distances extant. The stars of the Taurus cluster occupy a 
roughly globular space about 20 light years in diameter, though 
most of them are within a sphere of 10 light years, which is at a 
distance of 135 light years and moving at 44 km. per second. About 
800,000 years ago they were nearest the Sun at a distance of 65 
light years and in 65,000,000 years more the cluster will have 
receded so far that it will appear as a sparse globular cluster, only 
visible in the telescope about 20 minutes of arc in diameter, one 
sixtieth its present size. 

An even more interesting group of stars is the Ursa Major 
system. The similar motions of five of the bright stars of the 
Dipper, namely all but a and », the ones at the opposite ends, 
pointed out by Proctor in the last century and later confirmed by 
more accurate measures of both proper motion and radial velocity. 
But the cluster was much extended by Hertzsprung to include such 
apparently distant stars as Sirius, a Coronae, 8 Aurigae and £6 Eri- 
dani. The Dipper stars are about 75 light years away while Sirius 
is only 9 light years distant. This cluster apparently occupies a 
disc-shaped region of space in which our Sun, though not a member, 
is apparently situated and is moving towards a point in the Milky 
Way south of Aquila with a speed of 29 km. per second. 

The motions and distances of the other clusters mentioned have 
also been determined but as they are not of such peculiar interest 
and as time does not permit discussing them more freely, we must 
pass on to the consideration of other systematic or preferential 
movements of the stars. 


STAR STREAMING 


As early as 1905, Kapteyn discovered from investigations of the 
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proper motions of the stars that in addition to the parallel motions 
of the moving clusters and the parallactic motion caused by the 
motion of the Sun, there was strong evidence of two favoured direc- 
tions of motion of the stars. These drifts or stream motions must 
be differentiated from the cluster motions just described where the 
stars all have approximately equal and parallel motions. In the 
stellar drifts on the other hand the motions appear almost at 
random when viewed in small numbers but further examination 
shows that there is a tendency to move in two favoured directions. 
The two star streams or drifts might be compared to a park with 
two entrances with people entering at each, moving about the 
park in all directions but finally emerging from the outer entrance, 
or preferably to two swarms of mosquitoes meeting and interpene- 
trating one another. Or, although the motions of the stars seem 
approximately at random, there are more stars whose directions of 
motion are within 10° of the preferential direction than there are 
stars whose motions are within 10° of a direction perpendicular to 
the preferential direction and the average proper motion is greater 
in the first case. 

Kapteyn’s first investigation of this favoured direction of 
motion of the stars was followed by Dyson, Eddington and num- 
erous others, all of whose results were in substantial agreement in 
showing two drifts of stars, one of these in the direction towards 
a 90°, §5—15 south of Orion, and the other at a 285°, 6—64° in the 
southern sky in Telescopium. 

The first contains about 60 per cent. of the observed stars and 
the second 40 per cent. and the speed of the first drift is about twice 
the second. These motions, however, are all derived from the 
observed proper motions without taking account of the solar 
motion. When the latter is allowed for, the actual drift motions 
in space are along the line joining the points a 95°, 6+ 12° and a 275°, 
6—12°, in Orion and Aquila, two opposite points on the celestial 
sphere, and at the relative speed of about 40 km. per second. These 
two points lie almost exactly in the galactic plane at longitudes 
167° and 347° so that the drift motion is wholly in the plane of the 
Milky Way. This star drift or stream motion may then be consi- 
dered as due to two systems of stars moving in opposite directions 
in the galactic plane and interpenetrating one another. 
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An alternative way of looking at this star streaming has been 
developed by Schwarzschild who considers all the stars as compris- 
ing one system but with the conditions such as to favour motion 
both ways along one direction of the system. This direction coin- 
cides, of course, with that of the two-drift hypothesis and lies in the 
galactic plane. If the peculiar motions of the stars are represented 
in magnitude and direction by lines drawn from the origin the 
surface drawn as smoothly as possible through the termini of these 
lines will be an ellipsoid with the principal axis lying along the 
galactic plane in the preferential direction, the second axis also in 
the plane and the shortest axis perpendicular to the galactic plane. 
This method of considering the motions is termed the ellipsoidal 
as contrasted with the two-drift theory of Kapteyn. Both theories 
represent the observed facts almost equally well but until we know 
more about the constitution of the universe it cannot be deter- 
mined which has the better physical basis. 


ASYMMETRY IN STELLAR MOTIONS 


Another preferential trend in the motion of certain classes of 
stars has been thoroughly investigated by Stromberg, who has 
found that while the motions of the naked eye stars in general give 
a velocity of 20 km. per second to the solar motion, the stars of high 
space velocity greater than 100 km. per second give a solar motion 
very much higher, some 236 km. a second, and hence these high 
velocity stars must be moving as a whole relative to the average 
stars from which the solar motion is usually determined. Other 
groups of stars, such as the red variables, give a high velocity of the 
solar motion, 62 km. per second for one and 162 for another group, 
also indicating their motion as a whole with respect to the average 
stars. The globular clusters with 286 kms. and the non-galactic 
nebulae with 344 kms. per second indicate still greater motion. 
But the curious thing about the motion of all these groups of 
celestial objects is that they are all directed substantially in the 
same direction toward a point in the constellation Cepheus and that 
this direction is nearly in the galactic plane towards longitude 61°. 
Stromberg calls this peculiarity in the distribution of the velocities 
an Asymmetry in Stellar Motions and while he first stated it might 
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be due to a velocity restriction in space, he has offered no convincing 
explanation of its cause. 


SUMMARY 


Summarising the motions of the stars discussed above we have 
first of all the general relation that the stars appear to move in all 
directions, to a first approximation, at random and at different 
speeds from zero to about 400 km. per second. But distinct from 
these general motions, there are several groups of stars with equal 
and parallel motions, generally called moving clusters, which appear 
to be independent subsidiary systems. In addition to these cluster 
motions there is a general preference of motion of the stars in two 
opposite directions in the galactic plane at a relative speed of about 
40 km. per second. These streams or drifts of stars must be dis- 
tinguished from the cluster motions which are all equal and parallel, 
as they only represent a general preference of motion of the stars as 
if there were two systems of stars each with random motions moving 
through each other. Finally there is an asymmetry in the motions 
of different types or classes of stars, the stars with high velocity, the 
red variables and the globular clusters, all moving with respect to 
the average naked eye stars, with high velocities, from 60 to 300 
km. per second in the galactic plane in the general direction of 
longitude 61°. 

An attempt has been made to explain the two-drift or stream 
motions of the stars as due to the gravitational attraction of the 
local stellar system directed towards the centre. The orbital motions 
of the stars in two opposite directions around this gravitational 
centre, interfered with as they are bound to be by encounters and 
local action might produce a preferential motion of the type 
observed. But this hypothesis will not suitably represent the asym- 
metry in stellar- motions observed by Stromberg, and the only 
hopeful explanation of this phenomenon seems to be in a recent 
hypothesis by Lindblad of a rotation of the whole galactic system. 
As is well known, some rather fanciful ideas have been held about 
the rotation of the stars with attempts to show the central position 
of the Sun. The most specific was by Madler about the middle of 
the 19th century, who attempted to show from the supposed curva- 
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ture of the proper motions that the stellar system was in rotation 
about Alcyone, the brightest star of the Pleiades, but this was soon 
shown to be illusory. 


LINDBLAD’S THEORY OF GALACTIC ROTATION 


Lindblad brought forward the assumption, less than two years 
ago, that the complete galactic system is composed of a number of 
sub-systems each nearly in dynamical equilibrium, or such that the 
motions of the members have nearly reached a steady state, and 
each sub-system rotating with its own peculiar velocity about a 
common axis perpendicular to the galactic plane. The system is 
graphically represented in the accompanying figure, Figure 2, 
which represents a section of the system perpendicular to the 
galactic plane, the dotted line being the common axis of rotation. 
The system with the highest speed of rotation will obviously be the 
most flattened towards the plane and is assumed to be that con- 
taining the Milky Way clouds with our own local system including 
the Sun and most of the stars whose motions are known, which is 
represented in the figure by the central horizontal shaded section. 
The star density in this system is high and the residual velocities of 
the stars relatively low, so that the orbital motions of the individual 
stars will be nearly circular. Other sub-systems whose general 
forms are spheroids are represented in section in the figure by 
ellipses and are all supposed to extend to about the same boundary 
in the plane and to have a lower speed of rotation. They will be 
less flattened than the central system containing the Milky Way 
clouds and will have higher peculiar velocities. The globular 
cluster system as defined by Shapley is probably the most slowly 
rotating sub-system as its boundary is more nearly spherical and its 
members should have, as indeed they are known to have, high 
residual or peculiar velocities. 

The dimensions of this whole system are assumed to be those 
defined by Shapley as coterminous with the system of globular 
clusters which is estimated to have a diameter of over 200,000 light 
years. Our Milky Way system extends to the same diameter and 
has a thickness of some 10,000 light years with the Sun situated 
relatively near the periphery, some 60,000 light years from the 
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centre and axis of rotation. The rotational velocity of this very 


flattened galactic system is assumed by Lindblad to be about 
350 km. per second in the neighbourhood of the Sun. The less 
flattened sub-systems containing such groups as the M-type vari- 
ables, the high velocity F-type stars, etc., and finally the globular 
clusters, rotate at slower velocities, but of course all about the 
same central axis. 














Fic. 2. Representative of Lindblad’s Sub-systems. 


STELLAR MOTIONS ON LINDBLAD’S THEORY 


The asymmetry of stellar motions found by Stromberg and 
which was not explained by any other hypothesis and in which you 
will remember the axis was directed towards galactic longitude 61°, 
follows simply from Lindblad’s theory of galactic rotation. You 
may remember that the centre of the system of globular clusters 
and hence the position of the rotational centre of the various sub- 
systems was in the direction of Sagittarius at galactic longitude 
325°. The direction of Stromberg’s axis at 61° is then just 96° away 
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from the direction towards the centre of rotation. It may hence be 
said then, that the axis of asymmetry is perpendicular to the radius 
to the centre within the errors of the determination. The direction 
of the axes of asymmetry and star streaming with respect to the 
direction to the centre of rotation, all lying in the galactic plane 
are well shown in Figure 3. It is evident from the Sun and surround- 
ing stars having the highest rotational velocity that the group 
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motion of the most slowly rotating sub-system, the globular cluster 
system, will appear the greatest with respect to the solar group and 
should be directed as it actually is perpendicular to the direction to 
the centre. The faster rotating sub-systems such as the red variables 
and the stars of high velocity will have an apparently slower group 
motion, exactly as Stromberg observed. Moreover, as the sub- 
systems move more slowly the dispersion in the velocities increases 
according to Lindblad’s assumption and also in agreement with 
observation. 
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While the hypothesis of galactic rotation satisfactorily explains 
the asymmetry of the star motions found by Stromberg, it does not 
so directly explain the preferential direction of star streaming 
which, as you will remember, and as shown in Figure 3 is in the 
galactic plane and directed to galactic longitudes 167° and 347°, 
106° from the axis of asymmetry and 22° and 202° from the direction 
to the centre. Lindblad has to assume in a similar way to the 
hypothesis given previously that in addition to the general gravita- 
tional action of the whole system producing the rotational effect, 
account must also be taken of the local gravitational fields due to 
the star clouds, the accumulations of stars and nebulous matter in 
our region of the Milky Way which he shows would tend to produce 
star streaming at right angles to the axis of asymmetry and hence 
nearly in the line of the radius vector. 

It is hence seen that the hypothesis of a galactic rotation satis- 
factorily explains the phenomena of asymmetry of motions found 
by Stromberg and, although not so directly and satisfactorily, the 
phenomena of star streaming. But although this hypothesis may 
be able to explain the observed motions satisfactorily, there are a 
good many assumptions involved and it still remains an hypothesis 
only until a considerable body of observational data confirm and 
strengthen it. 


OorT’s CONFIRMATION OF A GALACTIC ROTATION 


Such a confirmation was first given by Oort a few months ago 
who was able to show that the motions of the more distant stars in 
our neighbourhood in the system were of such a character that they 
were most easily explained by a rotation of the galaxy such as 
assumed by Lindblad. 

Let us examine according to Oort’s method what we should 
expect to find in addition to the asymmetry of stellar motions if the 
galactic system were in rotation about a very distant centre. Such 
a rotation could be maintained by, and would indicate, a gravita- 
tional force directed toward the centre and due to the whole 
quantity of matter in the system. If we could imagine all the 
matter in the system collected at or condensed towards the centre, 
the force, just as in the solar system, would be proportional to the 
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inverse square of the distance, and the stars nearer the centre 
would have a greater velocity than those farther out, similar to the 
solar system where the innermost planets have a much higher 
velocity than the outer. On the other hand, inside a stellar system 
of uniform density or uniform distribution of its stellar members and 
masses, the force would vary directly as the distance and all the 
stars would have the same angular velocity or the system would 
rotate as a solid, the outer stars having a higher linear speed than 
the inner. 

All the evidence we have in regard to the distribution of the 
stars in our own system indicates great condensation towards the 
centre; and in addition the analogy with the great spiral nebulae, all 
of which are strongly condensed towards the centre, and of the same 
order of dimensions as our galactic system, points to the conclusion 
that the distribution of the matter in the galactic system is not 
uniform but that there is a decided condensation towards the 
centre. In such a case the force would, of course, be directed towards 
the centre and would be some function of the distance from the 
centre intermediate between the two extreme forms of directly 
as the distance and inversely as the square of the distance. The 
work of Oort seems to show that three fifths of the gravitational 
force arises from the mass concentrated near the centre which he 
finds should be about 60,000,000,000 times the Sun's mass, a mass 
much larger than generally supposed. This proposition indicated 
unmistakably that the ones nearer the centre of rotation will have a 
higher speed, a greater proper motion or radial velocity than those 
more distant. 


EFFECT OF ROTATION ON RADIAL VELOCITY 


Let us examine graphically what effect such a motion around a 
distant centre will have on the radial velocities of the stars, as this 
component is more accurately measurable and enters into the 
rotational effect more directly than the proper motions. Let us 
suppose first of all that the stars have no peculiar individual 
motions of their own but that their whole motion is due to rotation 
around a very distant centre. Then as shown in Figure 4 the stars 
nearer the centre have a greater rotational velocity than those 
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farther away, hence V, the rotational velocity of the Sun, is less than 
V, and V4 is equal to V3; and is greater than V2 and Vj. 
it is obvious as V3;= V; that there is no relative radial velocity at 
90° and 270° from the direction to the centre. Also since at S;and 
S; the rotational velocity is parallel to that at S there is also no 
relative radial velocity effect along the direction to the centre or 
at 180° from that direction. Let us examine what occurs at inter- 
mediate points. At S,; and S, the radial components of the rotational 
velocities of V, V; and V2 are in the same proportion as the veloci- 
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ties themselves and therefore S,D, is greater than SD and SD, 
less’than SD and there is an apparent velocity of recession between 
S and S; and a velocity of approach between S and Sy». It is easily 
shown that at 45° and 225° from the direction towards the centre 
there is maximum velocity of recession, maximum positive radial 
velocity, and at 135° and 315° maximum velocity of approach, 
maximum negative radial velocity. Anyone who knows trigono- 
metry will see that the effect due to the rotation of the galactic 
system is proportional to the sine of twice the angle between the 
star and the direction to the centre. 

This relation is obviously true for stars with no peculiar velocity, 
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or stars moving in the same direction and at the same rate as the 
Sun, but as all the stars have peculiar velocities such an effect 
would be masked in individual cases. But if we take a group of 
stars, it is likely that the different peculiar velocities, and by 
peculiar velocities are meant the velocities remaining after the 
solar motion is removed, of the stars in the group will counteract 
each other and the group may be considered as having zero peculiar 
velocity. The peculiar velocity of the Sun which, as has been shown, 
is 20 km. per second towards Hercules, has been allowed for when 
the peculiar velocities of the stars were derived from the radial 
velocities. We are hence determining the rotational effect between 
the Sun, with no effective peculiar velocity, and a group of stars 
whose mean effective peculiar velocity is also zero; and if there is a 
rotation of the galaxy the mean peculiar radial velocity of the 
group should appear as positive when it is around 45° and 225° 
from the direction to the centre, negative around 135° and 315° 
and should approach zero at intermediate positions. Mathematic- 
ally expressed the velocities of these groups should obey the relation 
rA sin 2 6=p’ where ¢ is the mean distance of the group from the 
Sun in parsecs (1 parsec = 3.25 l.y.), A is the rotational coefficient, 
or the radial velocity due to the galactic rotation for stars at a 
distance of 1 parsec while p’ is the mean residual or peculiar velocity 
(the radial velocity corrected for the solar motion) of the group and 
6 is the angular distance between the group concerned and the 
direction to the centre. As, however, all these rotation effects are 
in the galactic plane galactic coordinates may be used, and if / is the 
galactic longitude of the group and /», the longitude of the distant 
centre, then @=/-—l); and as the centre of the galactic system is 
probably coincident with that of the globular clusters for which 
the longitude according to Shapley is 325°, @ becomes /=325°. 

Oort developed this relation, which is obviously only true when 
the distance to the centre is very great as compared with the dis- 
tance to the stars observed, and tested it with regard to both the 
radial velocities and the proper motions of stars for which these 
motions were observed. So far as radial velocities are concerned 
the r A term is only sensible for stars of relatively great distance, 
for as A is about 0.016 per second, r A would only become one kilo- 
metre per second for stars 60 parsecs or 200 light years away. 


The Motion of the Stars 131 


Hence stars nearer than 1000 light years giving rotational effect of 
5 kms. per sec., would not give very certain results. Only relatively 
few of the stars measured for radial velocity are as far away as 
1000 light years and Oort depended mostly on the B and O stars, 
the stars of highest temperature and greatest mass which are 
farther away generally than the stars of other types. Unfortunately, 
the number of B and O stars whose radial velocities were known to 
him was small, especially among the fainter B stars and though his 
results showed a decided rotational effect further data were desir- 
able. 


CONFIRMATION OF GALACTIC ROTATION AT VICTORIA 


Fortunately, at this observatory we were in possession of many 
radial velocities of O and B-type stars which are as yet unpublished 
and not available elsewhere. Mr. Pearce and I have been observing 
the fainter stars of these groups down to mag. 7.5 for three or four 
years for a complete discussion of the dimensions, distances and 
motions of the high temperature stars. Consequently, as Mr. 
Pearce kindly allowed me to use the velocities he had obtained, I 
was able to use the final velocities of 250 By to B; stars and the 
probable velocities of 150 more, the majority much fainter than 
those used by Oort, hence more distant and much more suitable 
for a test of the galactic rotation. 

With those whose velocities had been obtained elsewhere, there 
were available the velocities of 610 O; to B, stars of which 57 
were discarded for various reasons, leaving 553 stars as compared 
with 303 used by Oort for determining the rotation effect. These 
553 stars were divided into 6 different classes and each class divided 
into 8 longitude intervals as shown in the accompanying table, with 
longitudes ranging from 347 to 193 and hence the direction to the 
centre from 22° to 228°, the average interval in a group being 
about 25°. 

The best values of r A and of the longitude of the centre from 
these grouped observations were determined by the mathematical 
method known as least squares*, and I may say that the mean 


*A paper on the Galactic Rotation has been read at the Royal Astronomical 
Society and should soon appear in Monthly Notice. 
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values of the longitude of the centre of rotation from these six 
divisions was 324°.5+1°.8 which is exactly the same within the 
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errors of determination as the longitude of the centre of the globular 
clusters 325°. That the value of the longitude of the centre of 
rotation as determined from these radial velocities should come out 
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exactly the same as the accepted value of the longitude of the centre 
of the galaxy is a very strong confirmation of the reality of the 
rotation effect. 

But this is much strengthened by the values of r A, the rota- 
tional effect obtained from the different divisions. An examination 
of the table shows that 7 A, which is given at the head of the columns, 
increases in the early B’s from 5.4 to 16.2 as the average magnitude 
increases from 5.0 to 6.94 and in the O’s from 11.2 to 22.2 as we go 
from magnitudes 5.55 to 7.34, both of these increases in r A being 
nearly exactly in proportion to the increase in distance correspond- 
ing to the given difference in magnitude. The proportion is not so 
close in the later B’s, but there is other evidence to show that the 
difference in distance between the bright and faint stars in this 
group does not correspond too closely to the difference in brightness. 
The reality of the rotational effect is also shown mathematically by 
the relative smallness of the probable error which in the fainter B’s 
is only 1/15 and 1/20th of the rotation term rA. But the most 
convincing proof of the rotation effect is shown in the parallel 
columns of the observed residual velocity of the groups compared 
with that computed from the calculated values of 7A. The manner 
in which the two agree in sign and magnitude for different values 
of / or 6 is remarkable when we consider the relatively small number 
of stars in each group and the possibility of the peculiar velocities 
not balancing. It seems to me that this investigation has left no 
reasonable doubt that the stars within 3,000 light years of the sun 
behave exactly as if our Milky Way system was in revolution about 
a distant centre which lies in the same direction as the centre of the 
globular clusters and the centre of the galaxy itself. 

These observations are strong confirmation of Lindblad's 
hypothesis so far as this innermost flattened and most rapidly 
rotating sub-system of the Milky Way clouds in one of which our 
Sun is situated, is concerned. But they do not, of course, offer any 
evidence as to the reality of the less flattened slower moving sub- 
systems which he postulates. Stromberg’s observations of the 
asymmetry of motion in different classes of celestial objects which 
were otherwise unexplained are well satisfied by Lindblad’s theory, 
and although it is difficult to see how the very different speeds of 
rotation of these sub-syst ms, all presumably governed by the mass 
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of the complete system, exist the hypothesis is an illuminating one 
and has resulted in the distinct advance of establishing beyond 
reasonable doubt the rotation of our galactic system. 


CONCLUSION 


I have attempted to give you in this lecture a fairly complete 
account of what we know about the motions of the stars. While 
one is baffled at the beginning by the apparent complexity and 
random nature of the motions, with increased of knowledge we have 
begun to recognize some systematic effects;and we have now almost 
reached the stage when we can definitely say that the apparently 
irregular and inextricably confused motions of the stars have been 
arranged into moving clusters, into stream motions governed by 
dynamical laws, and the whole may be reasonably explained on the 
assumption of a rotating galactic system. This is another example 
of the reign of law in nature, of how the most complicated pheno- 
mena may become, as the result of analysis, the most beautifully 
ordered and relatively simple systems. Generalizations even if 
only partial are what scientific men are always seeking, and evena 
small measure of success, besides its great value to science, yields 
great satisfaction and full recompense for any labour. 


Dominion Astrophysical Observatory, 
Victoria, B.C. 


RADIO TALKS ON ASTRONOMY, OVER CFCT, 
VICTORIA, B.C. 


By W. E. HARPER 


I. NEW STARS 


(February 8, 1928). 


WO weeks ago last evening at the meeting of the Astronomical 

Society, held in Victoria College, I was asked to summarize 
in a few sentences our knowledge concerning what are known as 
‘‘new” or ‘temporary’ stars. Since then different persons, meeting 
me on the street, have asked me further concerning these new stars, 
and so I thought my ten minutes to-night might profitably be 
employed in amplifying the brief remarks made upon that occasion. 
Incidentally I might suggest that the meetings of the Astronomical 
Society are held monthly, are advertised in the press and are open 
to the public generally. 

A new star is simply one which bursts into view quite unex- 
pectedly in a position in the sky where apparently none had 
previously existed. The term “new” is somewhat of a misnomer as 
subsequent search of the photographic records has generally 
revealed a faint star identical in position with the brilliant one 
which is thought to be new. They are, thus, one and the same 
object, but were it not for the previously existing photographs we 
might erroneously conclude that a new star had actually made its 
appearance in the heavens. 

Accounts which probably refer to bright temporary stars occur 
from time to time in ancient annals, but it was not until 1572 that 
scientific observation of such phenomena was undertaken. In that 
year there flashed into view in the constellation Cassiopeia a new 
star which rivalled Venus in brightness and which could be seen in 
broad daylight. Such brilliant new stars, or ““novae’” as they are 
technically called, are rare, however, and a whole generation may 
pass without witnessing such an event. Our own generation has 
been exceptionally favoured in this regard, six fairly bright ones 
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having appeared since the beginning of the century. Four of these 
have been exceptionally brilliant. In the year 1901 one occurred in 
Perseus, in 1918 one in Aquila, in 1920 one in Cygnus and in 1925 
one in the southern skies invisible from Victoria. Besides these of 
first rank there have been many faint ones which reveal their rise 
and fall in brightness only when the photographic records dealing 
with the same region of the sky have been critically compared. 
Much of interest could be told of these also, did time permit. 

Let me describe the brilliant nova which appeared in the star 
group Aquila in June 1918. It is typical of all such. For thirty 
years prior to that time it had appeared on occasional photographs 
made of that region of the sky, as an ordinary star but very, very 
faint. So faint was it, indeed, that it would have to increase its 
brightness nearly two hundred fold before it could be seen with the 
naked eye, under ordinary sky conditions at Victoria. On the 5th 
of June in that year, its appearance was still normal but two nights 
later it had flared up without any warning to naked eye visibility, 
and was still rising at a rate which doubled its luminosity inside of 
one hour. By the next night it had become a star of the first magni- 
tude and on the following night, when it attained maximum bright- 
ness, it was, with one exception, the brightest star in the sky. At 
maximum, it was 100,000 times its original brightness and, as we 
now know from a knowledge of its distance, if it could have been 
brought up and placed alongside of our sun it would have outshone 
our own luminary 400,000 times. Almost at once it began to fade, 
rapidly at first, then more slowly and fitfully, with recurring 
periods of brightening as if it were fighting against the process of 
extinction. Eighteen days after maximum it had only one-fiftieth 
of its maximum brightness; eight months later it was lost to the 
naked eye; now, after less than ten years, it has faded to its original 
faintness. 

One is almost tempted to soliloquize here: How like these 
temporary stars are the careers of some men we may have known 
in the business or political world. They flash intoYprominence, 
perhaps over night; but their meteoric rise is followed by an almost 
immediate descent on the downward pathway to oblivion. 

But to return to our theme. What do we know as to the cause 
of these flare-ups in the stars? The earliest supposition was that 
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two otherwise faint stars had collided with a stupendous crash that 
resulted in the great outburst of light. But among other valid 
objections was the fact that the chance of such occurrence was far 
too small for the number that were occurring. We must remember 
that the stars are separated from us and from each other by almost 
infinite distances and the chance of a collision is exceptionally 
small. 

Then a very plausible suggestion was put forward that one of 
these otherwise dead worlds, in motion through space, had come 
into contact with nebulous matter and the increased strain and 
friction on the penetrating star had caused it to be greatly increased 
in temperature and corresponding brightness. Even yet this theory 
has something in its favdur, seeing that we now have knowledge of 
the existence throughout space of vast volumes of finely divided 
matter whose total mass is of a stupendous order of magnitude. 

Through our exceptional opportunities in recent years for study- 
ing these phenomena we have learned something quite definite 
regarding them. Such information has come largely from an analysis 
of their light. Light is thought of as coming in waves of very short 
wave-lengths. Being near the ocean we are familiar with the terms 

crest’ and ‘‘trough” and know that the wave-length is simply the 
distance from crest to crest or from trough to trough. Nature has 


a great range of wave-lengths. The waves that carry my voice out 
to you radio waves are 476 metres or about three-tenths of a 
miles long. Going down the scale we have heat waves about 1/200 
inch, light waves averaging 1, 50,000 inch and still farther down the 
sca'e we have X-rays ten thousand times shorter still. And just as 
the magnitude or length of the ocean waves tell us some of condi- 
tions there, so too the light waves coming from the outburst carry 
their own message. 

By passing the light through a prism and sorting out the various 
wave-lengths of which it is composed, we can tell the speed with 
which the gases, giving rise to the light, are moving. It was found 
it the outburst that the gases were rushing towards us at a speed 
of over 1,000 miles per second; in other words the outer envelope 
of the star was being blown towards us at that almost inconceivable 
rate. To the novice, such velocities may seem unreal but to the 
astronomer and physicist they are quite ordinary. Now, these gases 
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blown outward would very soon form a halo around the central 
nucleus, which indeed was discovered six months after the out- 
burst. Assuming that the velocity outwards was the same in all 
directions we can calculate the linear diameter the halo should have 
after any interval of time. Its angular diameter can be measured 
and a few months ago was found to be 18 seconds of arc. Comparing 
the angular with the linear diameter we can easily deduce the dis- 
tance of the object from us. 

What was the result? How far away is the star? I have not 
figured it out in miles: I shall let you do so in a minute or two. The 
mile is not of much use in astronomical work and so a unit known 
as the “‘light year”’ is adopted. It is simply the distance that light 
will travel in one year going at its well measured speed of 186,000 
miles per second. If you calculate the distance it will go at that 
rate in one year, you will have the astronomer’s measuring rod, the 
light year. Well, the result of the investigation of this outburst 
tells us that it occurred about 1,200 years ago, that is in the eighth 
century, and the messengers of light which in 1918 brought us the 
news of the catastrophe had been doing a marathon stunt for that 
long period of time before they finally arrived at the earth. 

In conclusion, then, we may describe a new star as one that for 
some reason starts to expand and literally explodes, blowing its 
cover off and revealing its superheated central core. Doubtless, 
sub-atomic forces are at play and it may be some outside force, such 
as the near approach of another body or gaseous material, just 
serves to ‘‘pull the trigger’’ which releases the stupendous output 
of energy. 


Il. OUR KNOWLEDGE CONCERNING COMETS 


(February 22, 1928). 


WO weeks ago I spoke on those new stars which flash out in the 
sky very suddenly, only to gradually lose their brilliance 

and return, in the course of a few months or years, to their original 
state of extreme faintness. Such stars are exceedingly remote, the 
particular one I dealt with being so far distant that light required 
1,200 years to reach us after the outburst. To-night I am going to 
deal with something nearer home, for the comets which form the 
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subject of my talk, are members of our solar system and even at 
their greatest distances from us, as they pursue their prescribed 
orbits about the sun, they are never so far away but that their 
light will come to us in the course of a few hours. 

Doubtless in the closing days of last year many of my hearers 
were disappointed in not being able to see the comet, expected to 
be seen in the southwestern skies in the early evening hours. This 
comet was discovered in the southern skies and the earliest compu- 
tations of its orbit were based on insufficient observations, so that 
the prediction of it becoming a striking object in the northern 
heavens was not borne out by later observations. Nevertheless at 
the Yerkes and Lowell observatories it was seen, at the latter place 
being visible in the daytime. In the vicinity of Victoria it was not 
seen, so far as I am aware. 

In early days comets excited even more interest than they do 
today and too often was it the case that they excited the fears of 
the people. Less than two centuries ago they were thought of as 
flaming fire-balls hurled at the earth by an angry God, to punish 
and frighten a sinful world. Even if this extreme view was not held 
by all they were, nevertheless, looked upon as harbingers of some 
dire catastrophe to come upon the earth. Was not the great comet 
that appeared about 1066 connected with the Norman invasion? 
And in more modern times, did not the comet of 1811 foretell the 
war of 1812 and did not the brilliant comet of 1858 presage the 
civil war in the United States? Even today, while we have lost our 
superstitious dread of them, there are those who are fearful lest one 
should collide with the earth or let loose its poisonous gases upon 
us. 

Undoubtedly the earth has many times passed through the 
tails of comets without injurious effects to the people and there is 
no danger that our atmosphere will ever be poisoned by such an 
encounter. As for the chance of collision it is ever present but the 
probability is exceedingly small. Geologists who have made a 
study of the outcropping strata of the earth tell us that these have 
required millions of years for their formation. On this whole land 
surface of the globe there is no evidence that during this long interval 
of time has there been a collision of the kind suggested, save in one 
particular instance. That particular exception is in central Arizona 
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where a great hole three-quarters of a mile across and seven hun- 
dred feet deep would appear to have been formed by the impact of 
an outside body. Analysis of the borings at the bottom of the pit 
strongly suggest that the celestial visitor which crashed to earth 
was a great meteor or a flock of small ones, the remnants of a dis- 
rupted comet. But outside of this particular case there is no other 
and so it would seem that the chance of such an event is about one 
in every twenty million years. Why should we worry over possible 
injury from such a source? 

I have stated that comets are members of our solar system but 
such a view was not always held. Originally they were looked upon 
as visitors which for a time came to have a look at us, so to speak, 
and then passed on, on their journey through space. This view came 
to be accepted probably from the fact that our solar system was 
known to be in motion through space. For it is definitely known 
that while all the planets and other members of the solar system 
are moving in orbits about the central sun yet at the same time the 
whole system is moving with a speed of about 12 miles a second in 
a particular direction in space. It would be only natural to suppose, 
then, that more comets would be captured and appear to come from 
this particular direction towards which we are heading, than would 
come up from the rear. A detailed study of all existing records, 
however, showed no such preference so that the theory did not seem 
to hold. Moreover, if a comet was thus merely attracted by the sun 
and its course deflected it would pass off into space and be seen no 
more; while if it was or became a regular member of the solar 
system its path among the stars would be quite different. Its orbit 
would be a closed one, an ellipse, and the comet would return time 
after time to the vicinity of the sun. With the improvement in 
telescopes it was possible to follow comets out much farther on their 
paths than formerly and in almost every case it was found that the 
path was that of an ellipse, or an oval-shaped path about the sun, 
indicating membership in the sun’s family. Yes, the evidence seems 
convincing that the great majority, if not all the comets we see 
become regular members of our solar system. Probably an average 
of ten per year visit the neighbourhood of the sun. 

It would appear to be next in order to say something of the 
periods which they require to complete their paths about the sun. 
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We know that the earth requires one year to do so; Jupiter nearly 
12 years, whilst the outermost of the eight main planets, Neptune, 
requires 165 years. Apart from the fact that there are none known 
less than three years, the periods of the comets are of the same 
order of length as those of the planets. There are 41 with well 
determined periods between 3 and 9 years and 13 more between 
9 and 100 years. Their orbits are extremely oval-shaped whilst the 
planets’ are nearly circular. The best known comet, Halley’s, 
which appeared last in 1910 has a period of about 76 years. Halley, 
an English astronomer, was the first one to recognize that comets 
returned regularly to the vicinity of the sun. His study of the paths 
in the heavens of comets up to his time led him to conclude that 
several were identical and were simply reappearances of the same 
object. So convinced was he of this fact that he made the prediction 
that many years after he would be dead, at a certain date and ina 
certain position in the sky a comet would appear. True to time and 
place the comet appeared and is rightly associated with Halley’s 
name. His discovery of their periodic nature robbed them of much 
of the superstitious dread in which they had formerly been held. 

A question naturally asked would be how big are they? We 
know something of the size of the earth; it is nearly 8,000 miles in 
diameter. The sun’s diameter is more than 100 times as great, 
giving a volume more than a million times that of our earth. Well, 
the comets are the bulkiest bodies in the solar system being, when 
near the sun, often thousands of times as large as it. In mass, how- 
ever, they are practically “airy nothings’’ and while the informa- 
tion is not very definite it would not be far astray to suggest that 
the mass of the earth is one billion times as great as that of any 
comet known. 

In their composition, comets may be thought of as consisting 
of loose swarms of particles of meteoric stone varying in size from 
dust particles to those of a few feet in diameter. These particles are 
separated from each other by distances very great in comparison 
with their own diameters. The greater part of this mass is concen- 
trated in the nucleus or head of the comet, but even here the open 
spaces between the particles must be exceedingly large in compari- 
son with the sizes of the particles themselves. We know this because 
when such a nucleus passes between us and a star it fails to dim it 
to any appreciable extent. 
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At a great distance from the sun this swarm of meteoric particles 
shines faintly by reflected sunlight. It then presents the appearance 
of a faint star with a slight disk. As it. approaches the sun, moving 
freely through the perfect vacuum of interplanetary space, it 
begins to be warmed by the sun’s rays and gases ooze out of the 
solid particles carrying with them quantities of fine dust. These 
diffuse into space and the comet becomes surrounded with this 
nebulous material. Increased approach to the sun causes this 
surrounding envelope to be blown back, av ay from the sun, so as 
to form a tail to the comet. The exact cause of this is not well 
known but there is some force of repulsion exerted by the sun on 
these particles in the comet's head which causes them to be driven 
off to the rear. It is probably light pressure exerted by the sun's 
rays on the very small particles, for we know from laboratory 
experiments that light actually exerts a pressure on objects brought 
near it and will expel them from its neighbourhood if they are 
extremely small. Thus the tail is developed and always points in 
a general direction away from the sun. These tails stretch away 
back for hundreds of thousands of miles but they are of exceedingly 
low density, many thousands of times rarer than our own atmos- 
phere. 

Summing up, then, comets consist of swarms of meteoric 
particles loosely held together, the whole agglomeration being of 
exceeding small mass but of enormous bulk. They are moving 
about the sun and as they approach it the pressure of the sun’s 
light drives off the finely divided particles into space. What 
becomes of these particles so expelled may form a theme for a future 
talk, though the speaker would like to know if such talks are really 
worth while to the listeners-in. 


ORBIT OF THE SPECTROSCOPIC BINARY H.R. 7200 
By P. M. MittMan 


The star H.R. 7200 or H.D. 176819, R.A. 18h, 57.0m; Dec. 
+20° 42’ (1900), photographic mag. 6.55, was observed in the 
regular B-type program of radial velocity work now being under- 
taken at the Dominion Astrophysical Observatory at Victoria, B.C. 
Its binary nature was discovered by Mr. J. A. Pearce of that obser- 
vatory from four plates taken in 1925. Mr. Pearce handed it over to 
the writer for further investigation while acting as an assistant at 
the Observatory during the summer of 1927. 


The spectral type of H.R. 7200 is given as A in the H.R. 
catalogue and as B3 in the H.D. This latter classification seems to 
be the correct one since, though the silicon lines 4128 and 4131 
appear in nearly all the plates, they are always fainter than the 
helium line 4121, while the magnesium line 4481 is just beginning to 
appear. The lines of the spectrum are fairly good for measure- 
ment but are of the general diffuse character of B-type stars. 


Nineteen plates taken at the Victoria Observatory with single 
prism dispersion, during the years 1925-1927, were used in the 
determination of the orbital elements. A least squares solution was 
run through, using individual observations. Normal places were 
not used since the number of plates taken, nineteen, is small. Weights 
were assigned to the plates ranging from .4 to 1.4 depending upon 
the quality of the plate, the number of lines measured and the inter- 
agreement of the individual measures of the lines on a single plate. 
The period was included in the least squares solution. The elements 
of the orbit are given in the accompanying table. 
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THE ELEMENTS OF THE ORBIT OF H.R. 7200 


Elements Preliminary Final 
P Period 15.950days | 15.9526 + .0047 days 
e Eccentricity 15 159 + .026 
@ Longitude of periastron.. .| 270°. 262°.24 + 16°.24 
y Vel. of system | 10.0 km. 10.29 +1.33 km. 
K Semi-amplitude of range . | 57.0 km. 55.08 + 1.79 km. 
T Periastron Passage. iJ D. 2,424,699.235 |J.D. 2,424,698.747 +.714 days 
asint | 11,930,000 km. 
m* sin’ t 
ara 0.266 © 


The sum of the squares of the residuals was reduced from 825 
to 729 by the solution. The probable error of a single plate of 
weight unity is 4.69 km. 


University of Toronto, 
Toronto, January, 1928. 


THE VARIABILITY OF THE ROTATION OF THE 
EARTH* 


By J. A. PEARCE 


URING the past few years much evidence has been advanced 

which proves conclusively that the rotation of the earth is 
variable; that sudden changes in the rate take place; and that these 
variations are of surprisingly large amounts, the earth gaining or 
losing as much as 30 seconds in a period of 40 years. The laws 
governing these changes have not yet been determined and unless 
‘the cause of the variability can be found intuitively it would 
appear that centuries will have to elapse before the law of its change 
can be found”’ from the observations (Innes). 

The rotation of the earth is so nearly invariable that neither 
observation nor theory previous to about 1860 could detect any 
change. But as our observations became more refined and our 
dynamical theory more perfected, it became apparent that the 
moon, the planets, the satellites of Jupiter all exhibited simul- 
taneous fluctuations in their calculated positions, which could only 
be explained by assuming that the observed inequalities were 
apparent, and due to fluctuations in the earth’s rate of rotation, 
and therefore to errors in our measure of time. The best methods 
of demonstrating the effect are; (1) the motion of the moon, (2) the 
eclipses of Jupiter’s satellites, (3) the transits of Mercury, (4) the 
motions of Venus and Mars, (5) the sun itself. The outer planets 
move too slowly to reflect the variations. 

Simon Newcomb discovered the fluctuations in discussing the 
observations of the moon from 1750-1860. Although he recognized 
the possibility of the variable rotation of the earth, he did not 
consider it established, and spent a great deal of time attempting to 
refine Hansen's lunar theory. The chief fluctuation is a harmonic 
term having a period of 270 years and an amplitude of 14’. Super- 
imposed on this is a minor fluctuation of 3” to 4’ amplitude with 
an irregular period. 

*Presented at Seminar No. 55, Dominion Astrophysical Observatory, January 
20, 1928. 
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Cowell in 1903 from a discussion of the Greenwich observations 
of the sun (1750-1900) confirmed Newcomb. Brown in 1913 cor- 
rected Cowell's work to correspond to his newly developed lunar 
theory. Brown's tables of the moon’s motion (1923) are the most 
complete, involving more than 1,000 separate perturbations due to 
gravitational forces, and yet empirical terms are needed in order 
to represent the moon's position accurately. 

Glauert in 1915 showed a strong correlation between the residuals 
of the moon, sun, Venus and Mercury from the Greenwich Observa- 
tions (1866-1914). 

Ross (1916) showed that the observations of Mars (chiefly at 
opposition) revealed the variable rotation of the earth. 

Newcomb fully reduced the transits of Mercury (1677-1881) 
using LeVerrier’s tables, now half a century old. Jmnnes (1927) 
reduced all transits of Mercury up to 1924 (1677-1924). The fluc- 
tuations deduced from the transits of Mercury agree generally 
with those deduced from the lunar observations but the corres- 
pondence is not good from 1750-1850. Innes further discussed the 
occultations of Jupiter’s satellites I to Il and showed that they 
agree precisely with the data from the transits of Mercury for the 
period of 1909-1925. 

DeSitter from a very complete discussion of the longitudes of 
Jupiter’s satellites, from all observational material has demon- 
strated that the four satellites give similar results. He has further 
treated the observations of the sun, Mercury and Venus. 

Jones (1926) fully investigated the longitude errors of the sun, 
Mercury, Venus and Mars (1836-1924) and finds similar fluctua- 
tions which may be attributed to irregular variations in the rate of 
rotation of the earth. 

The above references to the work on this problem are far from 
complete, but they are sufficient to suggest that the subject has 
engaged the attention of many mathematical astronomers. The 
evidence is not wholly drawn from members of the solar system. 
Boss has demonstrated that the systematic errors in right ascension 
of the fundamental catalogues are periodic and may be correlated 
with the minor fluctuations in the moon’s motion. 

The general trend of the evidence is that the rotation of the 
earth is gradually increasing, interrupted by irregular variations. 
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In the 220 years 1700-1920, the earth slowed and lost on the whole 
44 seconds of time. In other words, the length of the day increased 
by 1 second in 250 years. About 1780 the rate suddenly changed 
and during the period 1780-1889 there was a great recovery of 42 
seconds. About 1890 another sudden change took place, the rate 
of rotation decreasing by about one second and the new period has 
persisted to the present. 

Various explanations have been advanced to account for the 
phenomenon. Brown suggested the expansion and contraction of 
the earth throughout its volume. Jeffers prefers superficial changes 
such as might be caused by variations in the thickness of the Polar 
ice-sheets and the consequent changes in sea-level. Eddington finds 
it difficult to believe in oscillations of the whole earth, and suggests 
that the motion is confined to the crust. This would explain also 
the wandering of the magnetic pole. Joly postulated a vertical 
pulsation of the crust in consequence of thermal effects in a sub- 
stratum of basalt some 30 km. deep, but finds that his time is 
measured by geological periods. Russell has pointed out that in 
order to lengthen the day by the observed amount, the increase in 
the earth’s diameter is of the order of 3 inches, which could be easily 
produced by a general change of the interior temperature by a small 
fraction of a degree. 

In the meantime, the attack upon the old observations is being 
resumed, in the hope that further evidence may be forthcoming 
about this most interesting discovery. 
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Stellar Radial Velocities being Volume XVI of the Publications 
of the Lick Observatory and containing the Radial Velocities of 
Stars brighter than visual magnitude 5.51 as determined at Mount 
Hamilton and Santiago by W. W. Campbell with the collaboration 
of J. H. Moore and the assistance of other members of the Lick 
Observatory Staff. Pages I toXLV and 1-400, 9 12 in. University 
of California Press, Berkeley, 1928. 


This monumental number contains the results of slightly over 
thirty years’ work on the radial velocities of stars at the Lick 
Observatory and its southern branch at Santiago, Chile. The 
general plan of the book is somewhat as follows. 

The Introduction gives a historical account of the principle 
underlying the determination of radial velocities and developments 
up to the early nineties when Campbell undertook this ambitious 
programme. In this section too is a description of the spectro- 
graphs used at Mount Hamilton. 

Then follows a description of the southern station with details 
of the instrumental equipment, the personnel and how it was 
financed. 

Next comes a description of their methods of measuring and 
reducing spectrograms with the micrometer engine and the estab- 
lishment of standards for the spectrocomparator. 

Following this is given a discussion of the systematic corrections 
that have to be applied to the various instruments so as to reduce 
all to a homogeneous system. Comparisons are then made with 
results from other observatories. 

The next section gives a solution of the solar motion as derived 
from these homogeneous results. 

Finally come the two main catalogues, the first one in detail for 
each star, the second one giving for each the velocity established 
for the star if it is not variable. 
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After stating in the Introduction the principle underlying 
radial velocity determinations by the shiftings of the spectral lines, 
reference is made to the efforts of pioneer workers to measure such 
displacements. Owing to the small quantities to be measured and 
the poor qualities of the lines in stellar spectra, the early labours 
of Huggins and others were of no avail. It was not until about 
1890 that Keeler, using the visual methods, was able to obtain 
reliable results for some of the brighter stars. His determination 
also of the velocities of 13 bright-line nebulae stands out as a great 
achievement, With the introduction of the photographic plate 
improvements were effected and Vogel and Scheiner were able to 
show that the positions of lines on plates could be measured as 
accurately as had been done visually. Thus the photographic 
method was established. . 

It was about this time that Campbell set about to make the 
three-prism spectrograph of the Lick Observatory of the maximum 
efficiency in this particular line of work. When finally placed in 
commission in 1896 probable errors for stars with the best lines had 
been reduced to the low value of 0.25 km. per sec. Certain 
improvements due to suggestions of Campbell's colleague, Wright, 
were made in the new Mills spectrograph-— named after the donor 
which has been in use since 1903. The instrument is slung as in a 
cradle to overcome flexure effects, and is enclosed in a box with an 
automatic temperature control to overcome the injurious effects on 
the prisms and lenses of temperature changes. The original Mills 
instrument had a dispersion at Hy of 12.5 angstroms per milli- 
metre; the New Mills a dispersion of 10.9 angstroms at 4500. 
Besides these there were two single prism intruments, one a light 
flint, having a dispersion of 57, and the other a dense flint with a 
dispersion of 38 angstroms per millimetre at the Hy region. About 
15,000 spectrograms were secured with these at the northern 
station. 

The need for observations of the southern stars was realized 
from the first, for satisfactory solutions of the structure of the 
sidereal system or of the motion of the solar system cannot be based 
upon observations covering only two-thirds of the sky. The attempt 
to refigure the 36 inch mirror in their possession failed and the new 
one ordered was not ready until February 1903. On Wright fell the 
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responsibility of selecting the southern station in Chile and of 
installing the equipment and securing the first results. Certain 
passages from Wright's account in Volume |X are quoted to illus- 
trate the difficulties encountered. Three spectrographs were used 
of one-, two- and three-prism with dispersions, approximately 10, 
20 and 37 angstroms per millimetre at Hy. About 10, 301 spectra 
were obtained at Santiago up to January Ist, 1927 and the periods 
of service and number of plates secured is given for all those taking 
part. 

In the measurement of the spectra standard settings, based 
upon measures of the sun, were established for each line. The 
differences from these micrometer settings gave the displacements 
which were readily converted into velocities. The Hartmann 
spectrocomparator was also used for types F to M, the standards 
for these being carefully measured on the micrometer engine. Even 
the values so determined for the standards were found to require a 
slight systematic correction in order that results might agree with 
measures made directly on the micrometer 

The section dealing with the systematic corrections to the 
observed velocities shows the careful manner in which Campbell 
and his colleagues have sought to make their results homogeneous 
and conformable to three-prism determinations. It was early 
decided to spectrograph from time to time test objects such as the 
sky, the moon and the planets, whose radial velocities can readily 
be computed. These furnish a check on the accuracy of the instru- 
ments. A further test is the accordance of the results secured for 
constant velocity stars by the various instruments and measures. 
It was found best to treat each observer individually and apply 
corrections ranging from —0.9 to +0.1 km. per sec. In addition 
to these and small correction for flexure in the southern reflector 
depending upon the hour angle, a special set of corrections was 
necessitated for the observations of the year 1910. For some 
unknown reason the definition of the spectra became poor for a 
period but afterwards improved without the cause being located. 
It was fortunate that test plates had been made during this period 
for when measured later they showed discordant results and with 
their aid and the systematic differences for other constant velocity 
stars, a special list of corrections was set up and applied to the 
results for this epoch over and above all the other corrections. 
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Comparison is made with results of other observatories where 
there are stars in common. We notice that for 130 stars from A5 to 
M types we at Victoria are 0.7 km. sec. more negative than at 
Lick while for 55 stars of earlier type this difference amounts to 
2.5 km. sec. in the same direction. 

Omitting stars whose velocities exceed 60 km. sec. and lessening 
the number of cluster stars there remain 2149 stars to be utilized 
for the solution of the solar motion. The 94 groupings, weighted 
according to the number of stars in each, gave the following 
elements; 


ao = 270° .6 
bo = +29°.2 
Vo = 19.65 km./sec. 
K = 1.20 km. ‘sec.; 


a result in close agreement with other recent determinations of 
Charlier, Stromberg and Wilson. No stress is laid upon solutions 
for each of the separate types. 

The detailed catalogue of observed radial velocities occupies 
pages 1-346. It gives the Boss number in heavy faced type, the 
name of the star, coordinates for 1900, visual magnitude and type. 
Then follow the observations of that star in tabular form, the 
successive columns giving the date, Julian Day, velocity and 
measurer and occasionally some remarks. The references to results 
of other observers are given at the end of each star. 

The summarized catalogue comprises pages 347 to 399 inclusive, 
one line being required for each star. In addition to the star’s 
designation, coordinates, magnitude and type it shows the number 
of observations with the deduced radial velocity, if constant, and 
the probable error of such determination. 

While minor slips have been noted in a cursory reading of the 
volume, it seems to be splendidly arranged and clearly printed on 
good paper. One has nothing but praise for the volume and Dr. 
Campbell and his colleagues are to be heartily congratulated on the 
successful completion of this long-continued and extensive piece 
of work of the highest precision. 

W. E. H. 
Victoria, B.C. 











NOTES AND QUERIES 


Communications are invited, especially from amateurs. The Editor 
will try to secure answers to queries. 











A Sorar HALO SEEN NEAR TORONTO 

A fine solar halo was seen on March 31, from about 3.30 to 
4.00 p.m., by the present writer while at Unionville, which is twenty 
miles north-east of Toronto. It was brilliant but not as complex 
as that reported by Mr. David Hadden in the last number of the 
JournaL. The sky was moderately clear, of a milky-blue tint, with 
floating clouds; temperature about 40° F., snow on the ground. 

The primary circle, of radius about 22°, (see diagram on page 
95) was intense—red inside, blue outside. Within this circle the 
sky was deep indigo. The two “dogs” were located as in the diagram, 
being perhaps one degree outside the circle, their red sides being 
towards the sun. Tangent to this circle at its lowest point there 
was a short coloured arc, concave downwards. 

The white parhelic circle was also very clear and the white 
images about 120° from each other and from the sun were 
prominent. ‘This parhelic circle was not complete. It began at 
one “dog” and ran round to the other. Within the primary circle 
it stretched to right and left of the sun but it did not extend to 
the circle. It ended about one degree from it. 


KE ARTHQUAKE-PROOF BUILDINGS 

The Dominion Observatory, Ottawa, has published a list of 
publications relating to building construction in seismic areas. It 
was compiled by Mr. Ernest A. Hodgson and contains thirty-two 
items. Mr. Hodgson is to be commended for his excellent work 


in seismology. 


THE LARGE Disc or GLAss AT WASHINGTON 

In the January number (page 29) reference was made to a 
great disc of glass which had been cast at the U.S. Bureau of 
Standards for a mirror for the Perkins Observatory of the Ohio 
Wesleyan University. After its long annealing the mould was 
opened on January 21 and the glass was found to be satisfactory. 
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It appears quite uniform throughout, and although it contains some 
seeds and striae they will not destroy its suitability as a telescope 
mirror. 

In Science for March 9 is given the following account of the 


The cover was removed in the presence of several distinguished 
scientists, including Dr. S. W. Stratton, president of Massachusetts Institute 
oi Technology; W. R. Warner, of the firm of Warner and Swasey, telescope 
makers, and Dr. George K. Burgess, director of the Bureau of Standards. 

The disk, which is about 70 inches in diameter, 11 inches thick, and 
weighs 3,500 pounds, will be used as a great concave mirror for the new 
reflecting telescope of the Perkins Observatory at Ohio Wesleyan University, 
Delaware, Ohio. 

The money with which to establish this observatory was left to the 
university by Professor Hiram Mills Perkins, of Ohio Wesleyan, who during 





(} years of hard work through most rigid economy and sound investment 
had been able to amass a small fortune, nearly a quarter of a million dollars. 
It was his desire to establish an observatory of the first rank at the 
university and that the entire equipment be of American manufacture. The 
mounting of the telescope was constructed by the American telescope makers, 
Varner and Swasey, of Cleveland, Ohio, but difficulty was experienced in 
getting any bids on the mirror from American glass manufacturers. In 
particular, no one was willing to state, even approximately, when the disk 
could be completed. Finally, the director of the observatory, Dr. Clifford 
C. Crump, called upon the Department of Commerce for assistance. Although 
the Bureau of Standards has been making optical glass since 1914, no task 
pproaching the magnitude of the present one had ever been attempted. 

After four unsuccessful attempts to obtain a disk of the size required 
1 unique method was developed by the bureau’s glass section. Cullet 
broken glass of the same composition as the glass to be made) to the 
amount of 1,000 pounds and 4,600 pounds of sand and chemicals were 
melted in a single large pot in a gas-fired furnace. 

The temperature of the glass when poured on May 7, 1927, was about 
1,350° C. For one week the temperature was slowly lowered until it 
reached 600° C. The glass was held at this point for about four days to 
allow the temperature of the glass and furnace to become uniform through 
out. At 600° C. this particular kind of glass (borosilicate crown) is quite 
rigid and yet sufficiently viscous to yield to cooling stresses without danger 
't cracking. 

Beginning on May 18 the glass was allowed to cool slowly at an 
average rate of 24%° C. per day till 460° C. was reached. It was then 
annealed at this temperature for six weeks, during which time no variation 
greater than 1° C. was permitted. Final cooling was started on August 30, 
and room temperature was attained on January 16. 











MEETINGS OF THE SOCIETY 








AT TORONTO 


February 14--The regular meeting was held in the Physics Building of the 
University of Toronto, Mr. A. F. Hunter in the chair. 

The speaker of the evening was Mr. J. R. Gibbs, late Fellow of the Royal 
Meteorological Society, London, England, Mr. Gibbs, speaking on “Thunder 
and Lightning’’, traced the early history of their study. Von Guericke and New- 
ton were among the first to experiment with electrical machines, but until the 
invention of the Leyden Jar no progress was made. Then Benjamin Franklin 
came on the scene, and devoted his life to the work. He proved the identity of 
electricity and lightning, showed there were two kinds -plus and minus—and 
invented the lightning conductor. 

Slides were then shown of various forms of clouds, and the gathering of 
thunderstorms and their phenomena described. The results of the research 
committee under Sir Oliver Lodge (1905) were given, and slides illustrating the 
three kinds of lightning, 7.e., diffused, linear, and ball, were shown. Certain 
incidents were narrated and thrown on the screen. Hints were given as to what 
to do during a storm, and the cause of thunder described as the cracklirg of 
lightning along its immense path, and amplified by the clouds. The lecturer told 
that thunderstorms are incessant and it is estimated there are 100 lightning 
strokes per second on this earth. Scientists suspect an increase in potential 
gradients with increasing sun spot frequency. 

In conclusion the fact was mentioned that King Solomon's temple was not 
struck once in a thousand years, it being roofed with gold and covered with gilded 
iron spikes. 

Members of the audience voiced their appreciation of the lecture and of the 
very good selection of slides. 


February 28..—The meeting was held in the Physics Building of the University, 
Dr. R. K. Young being in the chair. 

It was announced from the chair that a new comet had been discovered on 
Feb. 22. Its general position was then in the Constellation Leo R.A. 9 hrs. 15 min. 
N.Decl. 21 44 with a daily motion westward of 20 seconds, magnitude 12. 

Mr. A. F. Miller gave a very instructive talk on the four principal satellites 
of Jupiter. He referred to the investigations of Messrs. Antoniadi and Baldet and 
the summary of their work which appeared in /'Astronomie recently. He thought 
that next to our own satellite these four of Jupiter held more interest for the 
amateur possessirg a telescope than any other celestial object, not excepting the 
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wonderful Saturn. Compared with our moon, only one of these satellites is smaller, 
the largest of the four being five times greater ir volume than the moon, and 
almost twice as voluminous as Mercury. 

Mr. Miller had prepared and showed some cardboard discs cut to the relative 
sizes of the four satellites, Mercury, and the moon, and thus the comparisons of 
size were easily made by the audience. 

The phenomena presented in the transits across the disc of Jupiter were 
touched upon, also the luminosity and colour of these bodies. Altogether Mr. 
Miller’s talk should stimulate in amateurs with telescopes a desire to observe the 
phenomena for themselves. 

The chairman then called upon Rev. D. B. Marsh, D.Sc., for his paper 
on ‘“‘Comets’’. Comets to the ancient astronomers were always a puzzle, and to 
the populace a frequent source of terror and dismay, they were the forerunners 
of evil and the signs of great calamities. In some early writings it is stated that a 
great comet foretold the deluge, some stated that it approached to within 9000 
miles of the earth with the effect of raising great tides in the ocean, convulsed the 
mountains of Armenia and opened up the fountains of the deep, the tail also 
causing torrential rains which lasted 40 days and 40 nights. Ignorance on the 
question of comets has been general even down to modern times. Predictions of 
certain comets coming in collision with the earth were made; some thought the 
tails of comets would brush against the earth causing instant death to the inhabi- 
tants, probably by asphyxiation. 

Dr. Marsh thought that we have records altogether of about 800 or 900 
comets, a small proportion only being visible to the naked eye. Of 200 seen during 
the last 100 years, 13 were visible without telescopic aid. Comets are usually 
spoken of as having three parts:—first, the head or nucleus; second, the coma or 
sheath covering the head; third, the tail. The nucleus is the brightest part, the 
comet is made up of very small particles of matter, there is also thought to be an 
envelope of gas exceedingly attenuated surrounding the whole object. The mass 
of a comet is very small though the field is great. 

The following were elected Members of the Society: 

HENRY OLDEN, 327 3rd Street, S.W., Medicine Hat, Alta. 
FREDERICK C. GULLEN, 323 Indian Road, Toronto. 
E. J. A. KENNEDY, Secretary. 


AT WINNIPEG 


The regular monthly meeting was held in the University Arts Building, on 
December 14, 1927, at 8.15 p.m. 

The lecturer of the evening was the President, Mrs. E. L. Taylor, and the 
title of her paper was: ~‘‘The Splendor of the Heavens and What the Great 
lelescopes Reveal."’ Astronomy is the oldest of all the sciences, and, as shewn 
by the records that have come down to us, was studied by the ancient Baby- 
lonians and Egyptians. 

However, the ancient conceptions of the nature and extent of the Universe 








156 Meetings of the Society 


have been revolutionized by modern astronomy which has enlisted in its service 
the telescope, the camera and the spectroscope. The telescope enlarges the vision 
of the human eye 160,000 times; the photographic plate reveals the existence of 
millions of distant stars or suns invisible through the largest telescope. The 
spectroscope analyses the light of any star and tells us of what elements it is 
composed. It also enables us to weigh suns a thousand times larger than our own 
and to tell their whole life history by analysis of their light which perhaps left 
them long before the building of the Pyramids. The temperature of the stars can 
now be determined by an instrument so delicate that it will register the heat from 
a candle flame ten miles away. 

The Ptolemaic Theory that the Earth was the centre of the Universe was 
accepted for over 1300 years, but it is to Copernicus, a Polish priest of the fifteenth 
century, that we owe the birth of modern Astronomy. He established the truth 
of the rotation of the earth and the other planets around the sun. This was 
afterwards confirmed by Galileo who made the first practical telescope. 

The heavenly bodies may be divided into two distinct classes, namely: our 
solar system and the great stellar universe. 

Our sun with its family of planets is rushing through space at the rate of 
12 miles per second towards the constellation of the Lyre. At the same time our 
earth is rotating on its axis with an equatorial speed of over 1000 miles per hour 
and is travelling in its orbit round the sun at over 1100 miles per minute. 

The nearest planets to the earth are Venus and Mars. The cloudy atmosphere 
of Venus is too thick to penetrate. We do, however, know something about Mars 
Its poles seem to be covered with ice caps. The dark portions change colour from 
green in summer to brown in autumn. Its temperature sometimes rises to 65 to 
45° F. 

Jupiter with its nine moons and Saturn with its vast rings are both conspicuous 
objects and will well repay observation. 

The sun is the most important of all the heavenly bodies as far as we are 
concerned, for without it there would be no light or life of any kind on the earth 
The diameter of the sun is about 965,000 miles, and its volume is 1,280,000 times 
that of the earth. 

In old days the appearance of a comet was regarded as a sign of disaster, but 
now their paths are mapped out while still millions of miles away, and thei: 
velocity accurately determined. 

Vast as our solar system is, it is insignificant as compared with the infinite 
expanse of the stellar universe. Our nearest star, Alpha Centauri, is distant four 
light-years or 25 millions of millions of miles. 

In the Milky Way the camera pictures the stars as snow flakes thicker than 
any Manitoba blizzard, vet these vast suns cannot be closer together than 1000 
million miles 

Arcturushas a diameter of 21 million miles, distant 41 light-years. Betelgeuse 
has a diameter of 215 million miles, distant 190 light-years. Antares has a dia 
meter of 400 million miles, distant perhaps 350 light-years. The Nebula in Orion 
is 600 light-years away and has a diameter of 4% light-years. Its volume is 27 
million times that of the sun. 

The lecture was illustrated throughout with lantern slides. 
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The regular monthly meeting was held on January 11, 1928, at 8.15 p.m., the 
President, Mrs. E. L. Taylor, was in the chair. 

The speaker of the evening was Professor Frank Allen, who took as his subject 
“Light and Vision’’. 

The first part of the lecture dealt with historical views regarding the nature 
of light, especial reference being made to the theories put forth by the Greek 
philosophers. The opinion of Aristotle was in particular analyzed, his view being 
that colours were composed of a mixture of light and darkness, which was held 
by the German poet, Goethe. 

The beginning of the scientific knowledge of light was when Newton, the 
great English scientist, experimented in an analysis of white light into its consti- 
tuent colours, which are the colours of the rainbow. This, the lecturer explained, 
was one of the few great discoveries ever made in the history of science; that is, 
it led to the construction of all kinds of optical instruments, to the study of 
matter, the determination of the atom, and all discoveries which have come from 
that. 

Prof. Allen then took up the question of the interference of light, which means 
that two rays of light under proper conditions will produce darkness. The 
application of this principle to the measurement of the diameter of the stars was 
explained. This work has shown that stars have a diameter as high as 250,000,000 
miles. This diameter will include that part of the solar system from the sun to 
Mars. 

The second part of the lecture dealt with vision, and Prof. Allen showed that 
there are three fundamental colour sensations in the eye, red, green and violet. 
Out of these three, every conceivable colour can be compounded. 

Peculiarities of vision were illustrated by experimerts, and at the close of the 
iecture the facts presented were discussed by members of the audience. There 
were many remarkable experiments carried on throughout the lecture and slides 
were thrown on a canvas to better convey the ideas and theories advanced. The 
spectrum was thrown on the screen with the aid of a lantern and some simple 
apparatus furnished by the Physics Laboratory. 


S. C. Norris, Secretary. 


AT LONDON 


The January meeting was held in the Normal School on January 13, 1928, the 
president, Dr. H. R. Kingston, in the chair. Dr. A. S. Graham, 510% King St., 
was elected a member of the society. 

Mr. E. H. McKone, B.A., B.Paed., gave an address on *‘ Worlds in the Mak- 
ing’’, illustrated by moving pictures. The first film illustrated the Nebular 
Theory of the evolution of the solar system. This was followed by a film which 
pictured in a very realistic way the planets in motion about the sun. The next 
film showed how eclipses are formed; those of the sun by the moon coming 
between the sun and the earth and forming a shadow cone which trails a shadow 
path across the earth; ard those of the moon by the moon passing into the shadow 
cone cast Dy the earth. 
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Supplementing Mr. McKone’s address, Dr. E. T. White showed slides to 
illustrate the different forms of spiral nebulae and other slides dealing with the 
plarets, their paths, distances from the sun and relative sizes. Dr. H. R. Kingston, 
using blackboard drawings, demonstrated the cause of the seasons and by the use 
of lantern slides explained the production of eclipses. 

On motion of Messrs. Bowen and Colgrove a vote of thanks was extended to 
those who contributed to the programme. 


The February meeting was held in the London Life Building on February 10, 
with the president in the chair. 

Dr. H. R. Kingston reported progress for the committee appointed to look 
into the feasibility of securing an observatory for the use of the Society. The 
secretary was instructed to write a letter of sympathy to Miss Grace Blackburn 
who was ill in the hospital. Mr. A. Screaton, 232 Queens Ave., and Mr. Langford 
Williams, 124 Bruce St., were elected members of the Society. 

The speaker of the evening Rev. W. G. Colgrove, M.A., B.D., addressed the 
Society on ‘ The Solar System”’ and illustrated his address by a fine planetarium 
built by himself. The speaker called attention to the magnitude of the problem 
which confronts any one who attempts to build a planetarium which will give a 
concrete illustration of the phenomena of the solar system, with its vast bodies 
and its great distances and, at the same time, keep the relative distances and 
sizes of the planets in an approximately correct ratio. 

Mr. Colgrove demonstrated the setting up of the apparatus getting the 
planets in their proper relative positions and at the same time he explained many 
of the details of the solar system. The apparatus was then set in operation, each 
part taking up its own proper motion in a wonderfully exact manner. The revo- 
lutions of the planets about the sun, the phases of the inner planets, the seasons 
on the earth, etc., were illustrated. 


E. T. Wuite, Secretary. 





